Focal segmental glomerulosclerosis (FSGS) by definition involves some, but not all, glomeruli. The FSGS lesion is seen not only in idiopathic cases of nephrotic syndrome, so-called primary FSGS, but also as a secondary lesion in conditions with diverse pathogeneses [1] . Different variants of apparent primary FSGS lesions have been described that may have varying prognoses. These conditions share the appearance of presumed focal and segmental sclerotic lesions. This presumed pattern of distribution has, however, been traditionally determined by examination of a single section. Since the lesions are segmental in nature, sclerosis in some portion of the glomerular tuft could be missed in a single section even when all glomeruli are involved, that is, diffuse and not focal pattern. Serial section analysis in the adriamycin animal Deceased February 4, 1995 Received for publication August 22, 1994 and in revised form January 19, 1995 Accepted for publication January 19, 1995 © 1995 by the International Society of Nephrology model of progressive glomeruloscierosis [2] reported diffuse, rather than focal glomerulosclerosis. In contrast, our analyses in the rat remnant kidney model found remaining non-sclerosed glomeruli [3] . Studies in humans have shown varying results, depending on the type of segmental lesion and population studied. Lesions in children with typical "FSGS" clinically have been described as diffuse, while some subsets of adults have been described with focal lesions [4, 5] .
The distribution of lesions, whether focal or diffuse, has important implications, not only for pathogenesis and potential therapeutic response, but also for relevance of animal studies to human disease. Later stages of disease presumed to involve more glomeruli, have also been proposed to show different segmental patterns.
Variants of primary FSGS in adults including vascular pole lesions, glomerular tip lesions with or without mesangial hypercellularity, and diffuse or focal segmental lesions were recently described by Howie et al [6] . Each of these categories was proposed to have implications for pathogenesis, clinical course and treatment. Tip lesions were proposed to represent an early lesion with good prognosis [7, 8] , whereas hilar lesions were proposed as a response to reduced renal mass. Multiple segmental lesions were postulated to represent the late lesions [4, 6] . Patients with tip lesions showed responsiveness to steroids, although later follow-up of these patients has revealed a less than benign prognosis [5] . In contrast, less than half of patients with diffuse segmental lesions achieved remission, and patients with hilar lesions did not respond to immunosuppressive therapy. In addition, a recently described variant of FSGS is characterized by widespread collapse of the capillary loops, although patients are HIV negative. This may be a variant of primary FSGS. This so-called collapsing FSGS has a poor prognosis with rapid loss of renal function [9] . There are also differences in some clinical features between adults and children. Thus, recurrence of FSGS in the transplant is much higher in children with FSGS than adults [101. However, children with primary FSGS appear to show more response to corticosteroids than adults, and also have better prognosis [11] . We therefore compared patterns of segmental lesions in adults versus children with nephrotic syndrome and idiopathic FSGS, and evaluated the distribution of glomerulosclerosis by serial section analysis. 
Methods

Morphologic analysis
The middle section in a series of sections on each case was uniformly chosen as the initial study section, to avoid assessing lesions on a single section chosen in a biased way, and to maximize the number of glomeruli which could be completely followed. All glomeruli present on this section were then mapped and traced serially. Globally sclerotic glomeruli were excluded since this lesion can be nonspecific. Two possible end points were assessed for each glomerulus: the presence of segmental sclerosis; or the absence of segmental sclerosis in a glomerulus assessed from pole to pole.
Results were then calculated for % initial section sclerosis, defined as:
(n with sclerosis on initial section)/(total non initial section)
Total sclerosis after serial section analysis was defined as:
(n with sclerosis on any section)/(n on initial section)
Glomeruli were only defined as not showing sclerosis if they were traced from pole to pole without segmental sclerotic lesions. Thus, incompletely traced glomeruli without sclerosis were not defined as either having or not having segmental sclerotic lesions. The percent of nonsclerotic glomeruli was expressed as the ratio of such completely traced nonsclerotic glomeruli to the sum of those non-sclerotic glomeruli and glomeruli with sclerosis [n completely traced nonsclerotic/(n completely traced nonsclerotic + n sclerotic)]. The location of sclerotic lesions, whether hilar, peripheral (at the pole away from the vascular pole), or equatorial (in the mid-region between peripheral and hilar) was also assessed.
Statistics
Data are given as means standard errors. Results were compared by Student's f-test or Mann-Whitney U-test for nonparametric data. P < 0.05 was deemed statistically significant.
Results
Patient characteristics
Fifteen adult and six pediatric patients met study criteria. The adult group was comprised of six men and nine women, with average age of 40.3 4.2 years. Serum creatinine was on average 1.7 0.2 mg/dl at the time of biopsy. The pediatric group consisted of four boys and two girls, with average age of 6.3 1.4 years. Serum creatinine was 0.7 0.1 mg/dl. All patients, by definition of study design, had nephrotic range proteinuria. All of the children and none of the adults had received immunosuppressive therapy before biopsy. Four children received prednisone, and two received prednisone and chlorambucil or cyclophosphamide. Three children were also treated with a diuretic; one of these had mild hypertension. Two adults were treated with non-steroidal anti-inflammatory drugs (NSAID), six received diuretics (in addition to NSAID in one of these). One adult was on a beta-blocker, and one was treated acutely with nifedipine for hypertension. Five adults had a history of hypertension or were hypertensive (BP> 140/90 mm Hg) at time of biopsy. Length of proteinuria in the children before biopsy was, on average, 14.0 4.3 months (median 15 months; range, 7 weeks to 24 months). Proteinuria was documented to have been present for a period before renal biopsy in six of the adults, on average 22.3 17.2 months (median 6 months, range 6 weeks to 9 years). Three patients had noted edema six, six and seven months, respectively, before presenting to their physicians. In the remaining adults, symptoms of nephrotic syndrome led to renal biopsy within weeks.
Material available for morphological analysis In adults, on average 20.0 2.6 glomeruli were present on the initial middle section. Of these glomeruli, on average 14.1 1.6 were followed until an end point. In children, 22.8 4.0 glomeruli were available on the starting section, and 10.7 1.6 of these were followed until an end point was reached. An average of 52 sections was examined for each case. Differentiation of cortical versus juxtamedullary glomeruli could not be made in most of these biopsy samples, since medulla was included only in five.
Distribution of sclerosis
Sclerosis appeared focal on the initial section analysis in both adults and children, although with greater incidence of sclerosis in the adults. In adult biopsies, there was on average segmental sclerosis in 31. 5 6.8% of glomeruli on the middle starting section (Table 1) . One case did not show segmental sclerosis on this first middle section. After serial section analysis, the percent of glomeruli involved by sclerosis increased to 48.0 6.6%. Conversely, a significant proportion, 39.1 5.9%, of serially traced glomeruli showed no evidence of sclerosis after complete pole to pole analysis. Thus, although more glomeruli were involved by sclerosis after serial section analysis, the pattern remained focal in all but one case that also had the highest serum creatinine (3.0 mg/dl). [Of note, glomeruli which did not show sclerosis but were not followed from pole to pole, were not classified in either of these two categories (thus the sum was less than 100%)I. In children, only 11.7 5.7% of glomeruli on the starting middle section showed segmental sclerosis, significantly less than in adults (P < 0.05). Two cases did not show segmental sclerosis in this section. The percent of glomeruli involved by Fig. 1 . Focal and segmental distnbution of glomeruloscierosis. Each row shows multiple levels of one glomerulus. In glomerulus A, although no lesion was present in the initial section, a sharply delineated hilar segmental sclerotic lesion emerged on adjacent sections (arrow). In contrast, glomerulus B, from the same adult patient, showed no sclerotic lesions at any level (vascular pole and prominent JGA, arrowhead). The same focal distribution was seen in the renal biopsies of children (panels C, D), with early peripheral segmental sclerosis (arrow) in C and no lesions in D, from the same patient. As shown, sclerotic lesions tended to be earlier in children than in adults (all sections, X275). adult) did not show sclerosis. The segmental lesions in adults typically showed mixed locations. Most had a hilar component, either isolated (N = 2) or in combination with peripheral (N = 4) or peripheral and equatorial lesions (N = 5). Three cases showed peripheral lesions only, and one showed in addition an equatorial lesion. In some glomeruli, there was coexistence of lesions at different sites in the same glomerulus. Hilar lesions were frequently associated with juxtaglomerular apparatus enlargement and increased matrix in a mesangial axial distribution (Fig. 1) . None of the cases showed pure "tip lesion", that is, a lesion confined to the tubular origin [8] . Incidence of segmental glomerulosclerosis was not different among these patterns (average 45 to 56% for each subgroup). In the children, segmental lesions tended to be early, peripheral (in 3 cases) with adhesions to Bowman's capsule (Fig. 1) , or mixed, predominantly peripheral with some glomeruli showing a peripheral lesion extending to the equatorial region (3 cases). No pediatric cases showed a predominant hilar pattern of FSGS.
Clinical follow-up
Clinical follow-up was available in 14 patients an average of 42.8 6,2 months after biopsy (Table 2 ). Among the five pediatric patients with follow-up information, two received prednisone and cytoxan after biopsy, but progressed to end-stage renal disease, 22 and 39 months after biopsy, respectively. Both showed mixed peripheral and equatorial lesions (see below). The three other children with follow-up information were all in remission with trace or less proteinuria. These three all showed peripheral lesions. Two had normal serum creatinine, and had been treated with chlorambucil in addition to prednisone after biopsy. The third child had a difficult course, with persistent severe nephrotic syndrome with serum albumin as low as 0.7 g/dl. He was initially treated with cytoxan, then with the "Mendoza" protocol, receiving a complicated regimen with pulse solumedrol, oral prednisone and chlorambucil for five months. He now has 297 mg/24 hr proteinuria, serum creatinine of 0.5 mg/dl and serum albumin 4.9 gIdl at 41 months after biopsy.
Follow-up was available in nine adult patients, on average 41.6 8.9 months after biopsy. Two patients had reached end-stage renal failure and were on dialysis after treatment with prednisone or enalapril, respectively. Both showed a hilar/mixed pattern of sclerotic lesions. One patient with a peripheral pattern reached end-stage renal failure after immunosuppression, and now has recurrent FSGS in the transplant. Three patients had increased serum creatinine after treatment including prednisone, ACEI or low protein diet. Two patients with peripheral lesions and one adolescent with mixed pattern showed normal renal function.
Discussion
We evaluated the distribution of segmental glomerulosclerosis in patients with nephrotic syndrome and idiopathic focal segmental glomeruloscierosis (FSGS) by three-dimensional analysis, demonstrating a focal pattern of sclerosis. Thus, human FSGS, in contrast to some animal models, is characterized by heterogeneous involvement of glomeruli. Even in cases with marked glomerulosclerosis, remaining light microscopically intact glomeruli were present after serial section analysis. Our results further indicate that FSGS in children involves a significantly smaller proportion of the glomerular population than in adults.
The stage or type of lesion in FSGS has been extensively studied to investigate both possible mechanisms of sclerosis and prognoses of variant lesions. In this serial section analysis, a mixed pattern with a predominant hilar component, was the most common type of lesion in the adult biopsies. These findings confirm that different morphological locations of sclerosis frequently coexist in adult biopsies, even within the same glomerulus, as also described by Schwartz and Korbet [12] . Contrasting previous reports [13, 14] , we found that even these mixed lesions were focal in distribution, and not diffuse. Further, the peripheral lesions in the biopsies of children were focal in our study, in contrast to previous suggestions that these lesions may be diffuse [13] . Whether these lesions represent the result of diverse pathogeneses due to the multiplicity of other injurious factors in adults (such as hypertension), or different stages of the same process, has not been determined. A progression in some patients from early diffuse segmental lesions at the tubular origin to diffuse multiple segmental lesions throughout the glomerulus has been proposed [13] . However, percent of glomeruli involved by sclerosis did not differ among the different patterns in our adult patients. In addition, although our patients did not have repeat biopsies, lesions were focal in all but one patient, regardless of location of segmental lesion.
Regardless of genesis of these differing lesions, it is possible that the location of sclerosis has implications for responsiveness of these lesions to some therapies. In this regard, angiotensin II type I receptors are particularly highly expressed in the mesangial axial areas [14] , and angiotensin converting enzyme inhibitors (ACE!) are particularly effective in progressive renal disease in animal models and in humans [15] [16] [17] . One could therefore speculate that benefits of ACE! therapy could be linked to its potential greatest effect on the mesangial axial areas, either directly or by affecting expression of other cytokines such as platelet-derived growth factor (PDGF), which is up-regulated in early experimental glomeruloscierosis and in human disease [18] [19] [20] . Of further interest, PDGF receptor is localized in both mesangial and parietal epithelial cells in human kidney [21] , and might therefore affect both hilar and peripheral lesions.
Of further interest is our observation of different percent of glomeruli involved by segmental sclerosis in children and adults. All these children with nephrotic syndrome were biopsied only after a delay (on average 14 months) while being treated empirically with corticosteroids and, in some, immunosuppressants. Adults with nephrotic syndrome were biopsied after varying duration of proteinuria, less than seven months in most patients. Obviously, lower grade proteinuria may have been present asymptomatically for an unknown time in either population, and thus the disease process might be of longer duration than observed in adults. However, the adult patient with history of prolonged proteinuria (9 years) actually still showed more severe glomerulosclerosis than average for the pediatric group (44 vs. 23%). The significantly less severe involvement by sclerosis in children with FSGS even after longer interval to biopsy may therefore relate to other factors than time course. Our study suggests that lesions in children may be of an apparent different type than in adults, that is, predominantly peripheral versus mixed/hilar. It is possible that the peripheral, more segmental lesions in children reflect a response of lesions to corticosteroid therapy, in that all of the children and none of the adults were treated with immunosuppressants before biopsy. Whether such peripheral lesions indeed predict response of patients to prolonged, aggressive corticosteroid treatment is an intriguing possibility [6, 221. Based on these differences both in percent of sclerotic glomeruli and apparent differences in location along with the increased risk for recurrent FSGS in transplants in children [10] , one may also consider the possibility of different pathogenesis of FSGS in children and is therefore of great potential benefit. Such glomeruli are still potentially amenable to optimum therapies. !n summary, our findings show that FSGS is aptly named, in that the lesions indeed are both focal and segmental. Further, the presence of these non-sclerosed glomeruli offers a rationale for aggressive treatment in FSGS.
